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PREFACE 
In early 1975 an informal agreement was made between the IIASA Water Project and 
the Hungarian National Water Authority, Budapest, to  cany out joint research on topics 
of mutual interest. During a subsequent meeting in Budapest (July 23-25, 1975 ) i t  
was agreed that one such study would be the application of utility theory to  long-range 
planning in the Tisza River basin. This collaborative publication gives the results of the 
study which was carried out both at  IIASA and in Budapest. 
Research was conducted under the Water Project research plan for 1 9 7 5 ,  on the 
application of utility theory to  problems in water resources. 

ABSTRACT 
Selecting a plan to develop the water resources of a region involves the consideration 
of economic, environmental, social, and technical objectives. Twelve attributes are defined 
to  indicate the degree to which these objectives are achieved in the Tisza River basin of 
Hungary. A preliminary multiattribute utility function is assessed over these attributes. 
This is combined with existing information describing the possible consequences of five 
alternative development plans to  yield an overall rating of their desirability. The utility 
function explicitly indicates the preference tradeoffs among attributes. Discussion 
indicates further uses of the utility function in the planning and evaluation processes. 

Evaluating Tisza River Basin Development 
1. INTRODUCTION 
The problem of choosing among several development plans 
for the water resources of the Tisza River in Hungary is complex. 
Components contributing to this complexity include the multiple 
conflicting objectives involving economic, environmental, social 
and technical considerations, the difficult-to-quantify Conse- 
quences that are crucial to selecting an alternative, and the 
uncertainties about the overall impact of any particular alter- 
native. In Ddvid and Duckstein [2], a multicriterion approach 
ELECTRE (see Roy [IS]) was used in examining five alternatives 
for Tisza development characterized by multiple objectives and 
many qualitative considerations. Tradeoffs among attributes 
were implicitly accounted for and uncertainty was not taken into 
account. 
In this paper, we preliminarily investigate the usefulness 
of multiattribute utility theory for evaluating these same alter- 
natives. The result, which requires an explicit consideration 
of the tradeoffs among attributes, is a cardinal evaluation of 
the alternatives. This indicates how much better one alternative 
is than another as well as permits a sensitivity analysis of the 
tradeoffs used. In addition, a multiattribute utility model is 
appropriate for explicitly including in a rigorous manner the 
uncertainties of the problem in the formal analysis once the 
uncertainties are specified. 
The paper is arranged as follows: Section 2 describes five 
distinct possible plans for developing the water resources of 
the Tisza River basin and states the many planning objectives 
which need to be considered in evaluating plans. Section 3 
defines twelve attributes that measure the degree to which the 
planning objectives are met. A first-cut assessment of the 
utility function of one of the authors, L. Dbvid, over these 
twelve attributes is given. Using consequences of the five 
alternatives as specified in Dbvid and Duckstein [2], the 
altertiatives are evaluated in Section 4. Interpretation of the 
results and possible extensions of the work are given in Section 
5. 
The effort described here had two purposes: to investigate 
the usefulness of a multiattribute utility analysis for evaluating 
development plans for the Tisza River basin; and to illustrate 
the techniques to planners and decision makers who influence 
decisions concerning long-range water resource planning. This 
work was not undertaken to influence directly Any decision. 
W e  a r e  w e l l  aware t h a t  t h e  work i s  t o o  rough  f o r  t h a t  purpose .  
S e c t i o n  5 s u g g e s t s  major  improvements needed i n  t h e  a n a l y s i s  
i f  it were t o  b e  used d i r e c t l y  i n  s e l e c t i n g  a  p l a n .  
2. THE PROBLEM: PLANNING ALTERNATIVES AND OBJECTIVES 
Our d e s c r i p t i o n  o f  t h e  r e g i o n  c o n s i d e r e d  (see F i g u r e  1 )  is  
a d a p t e d  from D6vid and D u c k s t e i n  [ 2 ] .  The r e g i o n  is  v e r y  f l a t ,  
su r rounded  by mounta ins  and c o v e r s  a b o u t  30,000 km2. Its  
e l e v a t i o n  r a n g e s  from 80 t o  600 meters above  s e a  l e v e l .  The 
main r i v e r  i n  t h i s  a r e a ,  t h e  T i s z a  R i v e r ,  h a s  a b o u t  t e n  
t r i b u t a r i e s ,  most o f  which o r i g i n a t e  o u t s i d e  Hungary; t h e  whole 
b a s i n ,  w i t h  a  t o t a l  a r e a  o f  130,000 km2, is  s h a r e d  by f i v e  
c o u n t r i e s .  The a v e r a g e  r a i n f a l l  i s  500 mm/year, which,  combined 
w i t h  t h e  c o n t i n e n t a l  c l i m a t e ,  y i e l d s  a n  a r i d i t y  f a c t o r  g r e a t e r  
t h a n  1 .  The socio-economic developtnent ,  n e c e s s a r y  t o  e n s u r e  t h e  
d e s i r e d  s t a n d a r d  o f  l i v i n g  f o r  t h e  growing p o p u l a t i o n  i n  t h e  
r e g i o n ,  h a s  been made p o s s i b l e  by t h e  r e g u l a t i o n  of t h e  T i s z a  
R i v e r  which i n v o l v e d  b o t h  h y d r a u l i c  e n g i n e e r i n g  works and 
o p e r a t i o n  schemes. The main a c t i v i t i e s  a r e  a g r i c u l t u r a l ,  b u t  
i n d u s t r i a l  a c t i o n  h a s  i n c r e a s e d  i n  t h e  l a s t  30 y e a r s  a s  
d i s c u s s e d  by D6gen [ 3 ] .  
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Figure 1. Schematic map of the existing water resources system. 
' ~ h i s  s e c t i o n  a d a p t s  m a t e r i a l  from D6vid and Ducks te in  [21 . 
The water has been supplied to these activities by a 
gradually growing water resources system, the development of 
which was started in the middle of the last century by flood 
control and river regulation works. This was followed by the 
drainage of excess stagnant waters that accumulated behind the 
flood levees, which primarily gave rise to the rapid development 
of agriculture. The main task in the present century is to 
further develop the water supply for agricultural purposes 
(irrigation and fish pond farming), but increasing demands must 
be satisfied for industrial and domestic supplies, navigation 
and riparian recreation. Increasing uses have entailed the 
deterioration of water quality, which in turn focused attention 
on pollution control. Careful management of both the quantity 
and quality of natural supplies, which are becoming increasingly 
more scarce, has been introduced in recent years (see Ddvid [I]). 
Further development of the existing water system is very 
important from the standpoint of regional development. A series 
of plans and estimations have already been prepared for the 
development (National Water Authority, [Ill, D6gen [3], and 
VIKdZ [16]). 
2.1 Description of Development Alternatives 
Five distinct alternative water resource systems (WRS) have 
been proposed for the further development of the Tisza River 
basin. These five alternatives represent systems which involve 
basic policy issues that would be made at the highest levels of 
water management. For example, system I is formulated around 
the concept of large inter-basin transfers from the Hungarian 
part of the Danube River to fulfill water demands, while system 
IV fulfills the water demand by building reservoirs in the upper 
Tisza River basin through international co-operation. These 
are two fundamentally different systems from a development 
viewpoint; and as such, many objectives come into play when the 
relative attraction of each system is analyzed. Within each 
system, the best development of configuration was determined. 
It is assumed that each system can be filled up with water during 
a gradual development for the next 55 years and that the necessary 
reuse activity can be developed in due time so that certain 
systems may satisfy a demand greater than that of storage 
capacity. 
These five systems are described as follows. 
System I. Danube-Tisza inter-basin transfer using a multi- 
purpose canal-reservoir system 
The system uses the water resources of both the Tisza and 
Danube Rivers. The water is transferred all year round from 
the Danube by a gravity canal in the flat land area and by a 
pumped canal reservoir system in the ~orzsony-~serh6t Mountains. 
With system I, which is basically oriented to the utilization 
of water resources, the importance of reuse is relatively small 
s i n c e  n o t  a l l  o f  t h e  a v a ' l a b l e  w a t e r  r e s o u r c e s  a r e  used .  The 3 s t o r a g e  c a p a c i t y  i s  8 km , b u t  n o t  a l l  o f  it is u s e d ,  t h e r e b y  
making t h e  p r o b a b i l i t y  of  s h o r t a g e  s m a l l .  The s p e c i f i c  e n e r g y  
demand f o r  s t o r a g e  i s  h i g h  owing t o  t h e  pump-storage r e s e r v o i r  
system; b u t  a n  i m p o r t a n t  p a r t  o f  t h i s  energy  i s  r e c o v e r a b l e ,  
and t h e  e n e r g y  demand o f  w a t e r  s u p p l y  and t r e a t m e n t  c a n  b e  m e t  
by t h e  w a t e r  l i f t e d  and s t o r e d  a t  h i g h  e l e v a t i o n .  
There  i s  enough u n a l l o c a t e d  w a t e r  a v a i l a b l e  i n  t h e  Danube 
R i v e r  f o r  t h e  p r e s e n t  and t h e  f u t u r e .  T h e r e f o r e ,  t h e  development  
and o p e r a t i o n  o f  t h e  sys tem d o e s  n o t  depend t o  a  g r e a t  e x t e n t  
on i n t e r n a t i o n a l  c o - o p e r a t i o n .  The sys tem i s  v e r y  good from 
t h e  v i e w p o i n t s  o f  w a t e r  q u a l i t y ,  r e c r e a t i o n ,  manpower, 
e n v i r o n m e n t a l  a r c h i t e c t u r e  and development  p o s s i b i l i t y .  Water 
q u a l i t y  management may b e  accompl i shed  th rough  d i l u t i o n .  
The sys tem h a s  some d i s a d v a n t a g e s :  it would consume l a r g e  
q u a n t i t i e s  of  r e s o u r c e s ,  f o r  example l a n d  and f o r e s t  r e s o u r c e s  
f o r  r e s e r v o i r  sites;  it would n o t  be  o f  much h e l p  f o r  f l o o d  
c o n t r o l  and d r a i n a g e ;  t h e  q u a l i t y  o f  t h e  Danube River  i s  l i k e l y  
t o  d e c r e a s e  i n  t h e  f u t u r e ,  s o  t h a t  some t r e a t m e n t  w i l l  b e  needed.  
System 11. Pumped r e s e r v o i r  sys tem i n  t h e  n o r t h e a s t e r n  
p a r t  of  t h e  r e g i o n  
T h i s  pumped r e s e r v o i r  system,  s u p p l i e d  o n l y  from t h e  T i s z a  
R i v e r ,  is deve loped  i n  t h e  h i l l y  r e g i o n  o f  t h e  S g t o r o s  and Bukk 
Mountains .  T h i s  s y s t e m  is a l s o  b a s i c a l l y  o r i e n t e d  t o  w a t e r  
r e s o u r c e s  u t i l i z a t i o n ,  b u t  t h e  n a t u r a l  s u p p l y  o f  w a t e r  i s  
a v a i l a b l e  o n l y  f o u r  t o  f i v e  months p e r  y e a r .  I t  u s e s  a l l  t h e  
n a t u r a l  s u p p l y  o f  t h i s  p a r t  o f  t h e  T i s z a  R i v e r  b a s i n ,  b u t  n o t  
a l l  t h e  a v a i l a b l e  s t o r a g e  c a p a c i t y .  The impor tance  o f  r e u s e  
i s  r e l a t i v e l y  s m a l l  a s  i s  t h e  p r o b a b i l i t y  o f  a  s h o r t a g e .  The 
e n e r g y  needs  and  r e u s e  p o s s i b i l i t i e s  a r e  modera te ,  a s  a r e  t h e  
t r e a t m e n t  n e e d s  o f  t h e  " n a t u r a l  w a t e r  r e s o u r c e "  o r i g i n a t i n g  from 
t h e  T i s z a  R i v e r .  
The sys tem i s  s a t i s f a c t o r y  f rom t h e  v i e w p o i n t s  o f  w a t e r  
q u a l i t y ,  r e c r e a t i o n ,  e n v i r o n m e n t a l  a r c h i t e c t u r e  and development  
p o s s i b i l i t y .  I t  p r o v i d e s  e x c e l l e n t  f l o o d  p r o t e c t i o n ,  b u t  on t h e  
o t h e r  hand,  t h e  sys tem consumes l a r g e  q u a n t i t i e s  o f  r e s o u r c e s .  
The w a t e r  q u a l i t y  and t h e  r u n o f f  c o n d i t i o n s  a r e  based  on good 
i n t e r n a t i o n a l  c o - o p e r a t i o n ,  b u t  t h e  l a r g e  s t o r a g e  c a p a c i t y  o f  
t h e  sys tem i s  b e n e f i c i a l  i n  t h i s  r e s p e c t .  Large  peak pumping 
c a p a c i t i e s  a r e  needed because  t h e  pumping t i m e  i s  g e n e r a l l y  
l i m i t e d  t o  h i g h  w a t e r  i n  t h e  r i v e r .  
System 111. F l a t  l a n d  r e s e r v o i r  sys tem 
T h i s  sys tem,  which would b e  deve loped  on t h e  f l a t  l a n d  p a r t  
o f  t h e  r e g i o n ,  i s  composed o f  two t o  f o u r  meter d e e p  r e s e r v o i r s ,  
u s i n g  w a t e r  f rom t h e  T i s z a  R i v e r .  Only a  l i m i t e d  s p a c e  o f  5 . 5  km 
coukd be used  f o r - s u c h  r e s e r v o i r s .  T h i s  c a p a c i t y  is  o n l y  a d e q u a t e  
t o  r e g u l a t e  10 km3/year o f  w a t e r  r e s o u r c e s .  Thus, t h e  p r o b a b i l i t y  
o f  s h o r t a g e  i s  h i g h .  The e f f i c i e n c y  o f  s t o r a g e  ( r a t i o  between 
u s a b l e  w a t e r  r e s o u r c e s  and e x i s t i n g  s t o r a g e  c a p a c i t y ) ,  i s  
r e l a t i v e l y  p o o r ,  because  w a t e r  l o s s e s  by e v a p o r a t i o n  a r e  e x p e c t e d  
t o  b e  l a r g e  f o r  a  r e l a t i v e l y  s m a l l  c a p a c i t y .  T h e r e f o r e ,  t h e  
impor tance  of  r e u s e  i s  h i g h .  The w a t e r  q u a l i t y  c o n d i t i o n s  a r e  
bad. 
The s y s t e m  i s  v e r y  good from t h e  n a v i g a t i o n  and d r a i n a g e  
v i e w p o i n t s .  From t h e  r e c r e a t i o n ,  development  p o s s i b i l i t y ,  and 
f l o o d  p r o t e c t i o n  v i e w p o i n t s ,  it i s  f a i r .  Much l a n d  and f o r e s t  
r e s o u r c e s  a r e  needed. The development  and o p e r a t i o n  of  t h e  
sys tem i s  f a i r l y  d i f f i c u l t  from t h e  a s p e c t  of  i n t e r n a t i o n a l  
c o - o p e r a t i o n ,  and n o t h i n g  i s  accomplished f o r  env i ronmenta l  
a r c h i t e c t u r e .  
System IV. Mountain r e s e r v o i r  system i n  upper  T i s z a  R i v e r  
b a s i n  
T h i s  system would b e  l o c a t e d  o u t s i d e  t h e  c o u n t r y .  I t  u s e s  
and r e g u l a t e s  t h e  w a t e r  r e s o u r c e s  o f  t h e  T i s z a  River  by g r a v i t y .  
A l l  s t o r a g e  c a p a c i t y  a v a i l a b l e  w i t h i n  t h e  framework of  
i n t e r n a t i o n a l  c o - o p e r a t i o n  i s  u s e d ,  b u t  n o t  a l l  t h e  w a t e r  r e s o u r c e s  
a r e  used .  N e v e r t h e l e s s ,  t h e  e f f i c i e n c y  o f  s t o r a g e  i s  v e r y  good. 
The need f o r  r e u s e  i s  v e r y  h i g h ,  b u t  no e n e r g y  i s  needed f o r  
s t o r a g e  and  v e r y  l i t t l e  i s  r e q u i r e d  f o r  l o n g - d i s t a n c e  t r a n s f e r ;  
t h e  e n e r g y  r e q u i r e d  f o r  s u p p l y  and r e u s e  i s  h i g h .  The p r o b a b i l i t y  
o f  s h o r t a g e  i s  h i g h  owing t o  sys tem l i m i t a t i o n s .  
The sys tem i s  e x c e l l e n t  f o r  f l o o d  c o n t r o l  e f f e c t e d  by f l o w  
r e g u l a t i o n ,  v e r y  good from t h e  w a t e r  q u a l i t y  v i e w p o i n t  and good 
f o r  e n v i r o n m e n t a l  a r c h i t e c t u r e ,  b u t  c o n s i d e r a b l e  l a n d  and f o r e s t  
r e s o u r c e s  l o c a t e d  i n  o t h e r  c o u n t r i e s  must  b e  used .  T h e r e f o r e ,  
e x t e n s i v e  i n t e r n a t i o n a l  c o - o p e r a t i o n  must b e  i n i t i a t e d  and s u s -  
t a i n e d .  The a l t e r n a t i v e  i s  n o t  s o  good from t h e  r e c r e a t i o n  and 
development  p o s s i b i l i t y  v i e w p o i n t s .  
System V. Groundwater s t o r a g e  sys tem 
T h i s  sys tem c o u l d  b e  deve loped  m a i n l y  on  t h e  f l a t  l a n d  
p a r t  o f  t h e  r e g i o n ,  e s p e c i a l l y  i n  t h e  e a s t e r n  p a r t .  The sys tem 
u s i n g  t h e  T i s z a  w a t e r  and s t o r e d  groundwater  r e s o u r c e s  would b e  
composed o f  underground s t o r a g e  s p a c e s .  S i n c e  s u c h  s p a c e s  a r e  
l i m i t e d ,  r e u s e  would have t o  b e  v e r y  h i g h .  The groundwater  i s  
o f  e x c e l l e n t  q u a l i t y  and i s  t o  be used m a i n l y  f o r  d r i n k i n g  and 
d o m e s t i c  p u r p o s e s ,  b u t  it i s  less v a l u a b l e  from o t h e r  u s e r s '  
s t a n d p o i n t .  S a l i n i t y  problems may a r i s e  i n  t h e  f u t u r e .  The 
e s t i m a t e d  e n e r g y  r e q u i r e d  i s  h i g h ,  and t h e r e  i s  no p o s s i b i l i t y  
o f  p roduc ing  e n e r g y .  The p r o b a b i l i t y  o f  w a t e r  s h o r t a g e  i s  
h i g h .  
The sys tem i s  n o t  p a r t i c u l a r l y  good from t h e  e n v i r o n m e n t a l  
a r c h i t e c t u r e  and development  p o s s i b i l i t y  v i e w p o i n t s .  I t  i s  bad 
f o r  r e c r e a t i o n  and f l o o d  p r o t e c t i o n  p u r p o s e s .  E f f i c i e n t  u s e  o f  
t h e  s m a l l  s t o r a g e  s p a c e  needs  i n t e r n a t i o n a l  c o - o p e r a t i o n  s o  t h a t  
water may be available for recharging. The system is very 
sensitive to uncertainties. 
The basic aim of these WRS is to develop the natural supply 
of water resources by comprehensive runoff regulation, including 
quantity and quality regulation over space and time. 
The reason for choosing a distant planning horizon of 55 
years is that the system introduces major structural changes in 
the region, for which short-range planning would not be very 
realistic. The population, which was 4 million in 1970, is 
expected to reach 5 million by 2030. The irrigated area during 
the same time period will grow from 0.3 to about 2 million ha. 
Plans call for a growth in industry and hydro-electric power 
generation as well as an implementation of new technologies. 
As the region develops, the demand for social uses of water, 
especially for recreation, will also grow. Therefore, the 
following goals have been established and analyzed. 
A. Water Requirements. This goal involves quantity and 
quality aspects of water delivery, surface and subsurface 
runoff in space and time. A distinction is made between 
consumptive and non-consumptive uses. Consumptive uses include 
needs for irrigation as well as domestic and industrial uses. 
Non-consumptive uses include hydro-electric power generation, 
navigation, and recreation. 
B. Flood Protection. The difficulty in satisfying this 
goal is compounded by the fact that the rivers, hence the floods, 
originate outside the system. By 2030, 3.5 million people are 
expected to live in areas under flood protection. The develop- 
ment should provide protection against at least the 50-year flood. 
C. Drainage and Used Water Disposal. The efficient use 
and reuse of water is included in this goal. It should be 
possible on the average to drain an area of 15,000 km2 in ten 
days. 
D. Utilization of Resources. The natural, social and 
economic resources needed to implement and operate the system 
should be kept to a minimum. The resources considered in this 
study are water, energy, land and forest, capital, and manpower. 
International co-operation calls for a minimum outflow from 
the system with regard to downstream users. Thus, consumptive 
use of water is considered a loss of resource and should be 
minimized. 
The energy requirements for runoff regulation are considered 
in addition to the energy needed for supply. Throughout the 
study, the limited availability of energy sources is a constraining 
factor to the development. 
The l a n d  and f o r e s t  r e s o u r c e s  u s a b l e  f o r  s u r f a c e  s t o r a g e  and 
t r a n s f e r  h a s  a n  upper  l i m i t  o f  f o u r  p e r c e n t  o f  t h e  t o t a l  a r e a ,  
(1 20,000 h a )  . The e x i s t i n g  sys tem a l r e a d y  u s e s  50,000 ha.  
The p r e s e n t  v a l u e  o f  c a p i t a l  expanded f o r  c o n s t r u c t i o n  and 
o p e r a t i o n  s h o u l d  n o t  exceed a  t o t a l  of  85 x  l o 9  f o r i n t s / y e a r .  
The d i s c o u n t  f a c t o r  i s  s i x  p e r c e n t .  
Tbe manpower s p e c i f i c a t i o n s  a r e :  a )  t h e  s t a f f  i n  c o n s t r u c t i o n  
and o p e r a t i o n  o f  t h e  w a t e r  management s y s t e m  s h o u l d  b e  k e p t  a t  
a  minimum; and b )  t h e  s p i l l o v e r  e f f e c t s  o f  t h e  p r o j e c t  shou ld  
i n c l u d e  a n  u p g r a d i n g  of  t h e  a v a i l a b l e  j o b s .  
E. Environmental  Impact .  The sys tem i n v e s t i g a t e d  i n c l u d e s  
a  s p e c i a l  p a r t  o f  t h e  Hungarian g r e a t  p l a i n  c a l l e d  P u s z t a ,  which 
h a s  r e c e n t l y  been  made a  n a t i o n a l  p a r k .  T h i s  sets a  c o n s t r a i n t  
on  g roundwate r  t a b l e  and d e s i g n  of  a  conveyance network i n  
a d d i t i o n  t o  t h e  l a n d  and f o r e s t  a r e a  c o n s t r a i n t  g i v e n  above. 
F.  F l e x i b i l i t y .  The proposed sys tem s h o u l d  b e  f l e x i b l e  
enough t o  m e e t  a  broad spec t rum of  f u t u r e  r e q u i r e m e n t s ,  most 
o f  which c a n n o t  b e  f o r e s e e n  a t  t h e  p r e s e n t  t i m e .  T h e r e f o r e ,  
t h e  sys tem s h o u l d  p o s s e s s  t h e  f o l l o w i n g  c a p a b i l i t i e s :  
i)  I t  s h o u l d  be p o s s i b l e  t o  l i n k  it w i t h  a n o t h e r  sys tem 
implemented a t  a  l a t e r  d a t e  i n  a  n e i g h b o r i n g  r e g i o n .  
T h i s  s p e c i f i c a t i o n  h a s  t h e  f u r t h e r  a d v a n t a g e  of  
open ing  i n t e r n a t i o n a l  c o - o p e r a t i o n  p o s s i b i l i t i e s .  
ii) The sys tem s h o u l d  be a b l e  t o  c o p e  w i t h  s e v e r a l  t y p e s  
o f  u n c e r t a i n t i e s ,  s u c h  a s  t h e  n a t u r a l  u n c e r t a i n t y  
i n h e r e n t  t o  f o r e c a s t i n g ,  t h e  s t r a t e g i c  u n c e r t a i n t y  due  
t o  t h e  unknown f u t u r e  a l l o c a t i o n  p o l i c y ,  t h e  economic 
u n c e r t a i n t y  p e r t a i n i n g  t o  c o s t  and l o s s  f u n c t i o n s  and 
t e c h n o l o g i c a l  u n c e r t a i n t y .  
3 .  ASSESSMENT OF THE UTILITY FUNCTION 
T h i s  s e c t i o n  i n d i c a t e s  how t h e  u t i l i t y  f u n c t i o n  used  
t o  e v a l u a t e  t h e  p l a n n i n g  a l t e r n a t i v e s  was a s s e s s e d .  The 
a s s e s s m e n t  p r o c e s s  c o n s i s t e d  o f  f o u r  s e p a r a t e  s t e p s :  
i) f a m i l i a r i z a t i o n  w i t h  u t i l i t y  t h e o r y ,  
ii) i n v e s t i g a t i o n  of  t h e  q u a l i t a t i v e  p r e f e r e n c e  s t r u c t u r e ,  
iii) a s s e s s m e n t  o f  component u t i l i t y  f u n c t i o n s ,  
i v )  a s s e s s m e n t  o f  s c a l i n g  f a c t o r s .  
Throughout  t h e  a s s e s s m e n t  p r o c e s s ,  t h e r e  were s e v e r a l  c o n s i s t e n c y  
checks. However, now t h a t  we have a  p r e l i m i n a r y  u t i l i t y  
f u n c t i o n  w i t h  which t o  work, many more c o n s i s t e n c y  c h e c k s  and 
a d j u s t m e n t s  c a n  and s h o u l d  b e  c o n d u c t e d .  
3 . 1  F a m i l i a r i z a t i o ~  wi th  U t i l i t y  Theory 
The f i r s t  p a r t  of any u t i l i t y  assessment  i nvo lves  a  
d i s c u s s i o n  of  t h e  concep t s  of  t h e  approach w i t h i n  t h e  c o n t e x t  
of t h e  problem be ing  addressed .  I n  t h i s  problem, t h e  manner 
i n  which u t i l i t y  t heo ry  c o n s i d e r s  u n c e r t a i n t i e s ,  m u l t i p l e  
o b j e c t i v e s ,  and s u b j e c t i v e  f a c t o r s  was d i s c u s s e d .  
The o t h e r  impor tan t  a s p e c t  of t h e  i n i t i a l  d i s c u s s i o n  i s  t o  
s t r u c t u r e  t h e  problem. TO do t h i s ,  we needed t o  o b t a i n  a  s e t  
of a t t r i b u t e s  and t h e i r  r anges  t o  be used i n  e v a l u a t i n g  
a l t e r n a t i v e s .  The a t t r i b u t e s  a r e  used t o  i n d i c a t e  t h e  deg ree  
t o  which t h e  o b j e c t i v e s  o u t l i n e d  i n  Sec t ion  2.2 a r e  met. For  
t h i s  problem, f o r t u n a t e l y ,  t h e  work had been p rev ious ly  done 
and r e p o r t e d  by Ddvid and Duckstein 121. A summary of t h e s e  
a t t r i b u t e s ,  l a b e l l e d  X . . . ,X12 i s  given  i n  Table 1 .  There a r e  
two minor a l t e r a t i o n s  i;om t h e  p rev ious  work. The measure f o r  
f l o o d  p r o t e c t i o n  i s  now t h e  r e c u r r e n c e  i n t e r v a l  of a  f l ood  
r a t h e r  t h a n  t h e  annual  p r o b a b i l i t y  of a  f l o o d ,  and a t t r i b u t e  
X 1 2 ,  r e f e r r e d  t o  e a r l i e r  a s  s e n s i t i v i t y ,  i s  now c a l l e d  f l e x i b i l i t y .  
The meaning of  f l e x i b i l i t y  has  been d i scus sed  i n  S e c t i o n  2.2. 
The s u b j e c t i v e  i n d i c e s  from ~ 6 v i d  and Duckstein have been 
p u t  on a  0  t o  100 s c a l e  f o r  convenience i n  q u a n t i f y i n g  t h e  
u t i l i t y  f u n c t i o n s .  E a r l i e r  work used v e r b a l  d e s c r i p t i o n s .  For 
i n s t a n c e ,  r e c r e a t i o n  was c a t e g o r i z e d  a s  very  good, good, f a i r ,  
bad. The numer ica l  v a l u e s  a s s o c i a t e d  wi th  r e c r e a t i o n  were 
d e f i n e d  by 100 a s  e x c e l l e n t ,  80 a s  very  good, 60 a s  good, 40 a s  
f a i r ,  20 a s  bad,  and 0  a s  no r e c r e a t i o n  p o t e n t i a l .  S i m i l a r  
a s s o c i a t i o n s  were made f o r  t h e  o t h e r  s u b j e c t i v e  s c a l e s .  
3.2 I n v e s t i g a t i o n  of t h e  Q u a l i t a t i v e  P re fe rence  S t r u c t u r e  
Before  one a s s e s s e s  a  u t i l i t y  f u n c t i o n ,  it i s  impor tan t  t o  
de t e rmine  t h e  q u a l i t a t i v e  s t r u c t u r e .  Th i s  i n d i c a t e s  f u n c t i o n a l  
forms which a r e  a p p r o p r i a t e  f o r  q u a n t i f y i n g  t h e  a c t u a l  f u n c t i o n .  
To do t h i s ,  one a t t e m p t s  t o  v e r i f y  v a r i o u s  p r e f e r e n t i a l  and 
u t i l i t y  independence assumptions.  (See t h e  appendix f o r  a  
d e f i n i t i o n  of t h e s e  t e rms . )  A s  it tu rned  o u t ,  it seemed 
a p p r o p r i a t e  t o  assume t h e  c o n d i t i o n s  necessary  f o r  t h e  
m u l t i p l i c a t i v e  u t i l i t y  f u n c t i o n .  Le t  u s  b r i e f l y  i n d i c a t e  how 
p r e f e r e n t i a l  and u t i l i t y  independence assumptions were v e r i f i e d .  
Complete d e t a i l s  of t h e  v e r i f i c a t i o n  procedure used a r e  exp la ined  
i n  a  d i f f e r e n t  c o n t e x t  i n  Keeney [ a ] .  
To check whether t h e  p a i r  {x1,x21 was p r e f e r e n t i a l l y  
independent  of  t h e  o t h e r  a t t r i b u t e s ,  we f i r s t  f i x e d  t h e s e  o t h e r s  
a t  t h e i r  b e s t  l e v e l s ,  and l a t e r  a t  t h e i r  wors t ,  and cons ide red  
t r a d e o f f s  between X1 and X 2 .  For  i n s t a n c e ,  i n  F i g u r e  2, we 
found t h a t  (x l  = 80, x2 = 60) was i n d i f f e r e n t  t o  (xl  = 110, 
x, = 30) r e g a r d l e s s  of t h e  f i x e d  l e v e l s  of o t h e r  a t t r i b u t e s .  
L 
Thi s  same c o n d i t i o n  was v e r i f i e d  f o r  o t h e r  s p e c i f i c  p a i r s  of 
a t t r i b u t e s  {Xl rX2) ,  SO it seemed a p p r o p r i a t e  t o  assume t h a t  
Table 1 .  Attributes for the Tisza River basin problem. 
Attribute 
X1 = Costs 
X 2  E Water Shortage 
X 3  E Water Quality 
X 4  Z Energy (reuse factor) 
X 5  E Re-reation 
X 6  Flood Protection 
X, Land & Forest Use 
X8 : Social Impact 
Xg E Environment 
X l O Z  Int'l Cooperation 
X l l -  Development Poss. 
X l 2 F  Flexibility 
Measure 
1 ~'ft/~r 
percent 
subjective 
energy produced 
Q 
energy used 
subjective 
recurrence interval 
1 0 0 0  ha 
subjective 
subjective 
subjective 
subjective 
subjective 
Worst 
110  
6  0  
0  
0  
0  
40 
1 0 0  
0  
0  
0  
0  
0  
Best 
8 0  
0  
1 0 0  
1 . 0  
100  
500  
50  
1 0 0  
100  
1 0 0  
100  
1 0 0  
x,, ... X12 fzxed at worst levels 
"1 indifference 
110 100 90 80 110 100 90 80 
x = costs (lo9 forint/year) x E costs (lo9 forint/year) 1 - 
Figure 2. Verifying preferential independence. 
{xlrx21 was preferentially independent of {X 3,....X12}. After 
considering several specific cases involving different pairs 
of attributes, it seemed appropriate to assume that each pair 
of attributes was preferentially independent of the other ten. 
Next we investigated utility independence properties. To 
determine whether X1 was utility independent of Xi, the set of 
attributes other than XI, we fixed all attributes other t h a ~  XI 
at their worst levels and asked for the level G1 such that xl 
for sure is indifzerent to a 50-50 chance at xl = 80 or xl = 110. 
The response was xl = 98. This is referred to as the certainty 
equivalent for the lottery yielding either xl = 80, with 
probability 0.5, or xl = 110, with probability 0.5. We next 
found out that the certainty equivalent fl = 98 did not change 
when only the levels of the other attributes X2, ..., X12 were 
varied. Next, the certainty equivalent for the 50-50 lottery 
yielding either 80 or 98 was assessed to be 91, and this also 
did not depend on the levels of attributes other than XI. Hence, 
we felt justified in assuming that X1 was utility independent 
of {X2r-..rX121. 
These two certainty equivalents imply that the utility 
function ul scaled from 0 to 1 must pass through the points 
of Figure 3 and is likely to be similar to the shape indicated. 
Figure 3. Utility independence and a utility function. 
Together, as proven in Keeney [7], the preferential indepen- 
dence and utility independence assumptions imply that a utility 
function u can be expressed either in the form 
or in the form 
where u is scaled 0 to 1, the component utility functions 
ui,i = 1,. ..,I2 are scaled 0 to 1, the scaling constants 
ki,i = 1, ..., 12 are positive and less than one, and k is a 
constant calculated from the kiss. 
To determine which of the forms (1  ) or ( 2 )  was appropriate, 
we investigated whether there was a preference or an indifference 
between the two lotteries A and B in Figure 4. Note that lottery 
A yields either the best or worst of both attributes, whereas 
lottery B yields the best of one and the worst of the other. ~t 
was determined that lottery B was strongly preferred, implying that 
the appropriate utility function was the multiplicative form 
(2). Other similar assessments substantiated this. 
The next problem was to assess the ui's and kifs, which 
specify the utility function. 
Attributes other than X2 and X6 are f ixed 
Figure 4. Choosing the additive or multiplicative form. 
3.3 Assessment of Component Utility Functions 
The component utility functions were assessed by the same 
techniques as illustrated in Figure 3. Then either an exponential 
or a linear utility function was fit to the assessed points. 
These results are illustrated in Figure 5. An implicit assumption 
in the assessments of utility functions over the subjective 
factors was that the scales could be interpreted as cardinal 
scales as opposed to ordinal ones. This assumption is not 
strictly appropriate, and was made for convenience in these first- 
cut assessments. In revised assessments, care should be taken 
to anchor these scales by precisely defining several points on 
each. Also, each point used explicitly in the assessments should 
be one of those that are anchored. 
3 .4  Assessment of the Scaling Factors 
The first step in assessing the ki's in (2) was to order 
their magnitude. To do this, we set all twelve attributes in 
Table 1 at their worst levels and asked "if only one could be 
raised to its best level, which one would be preferred." The 
response was attribute X . This implied k2 must be the largest 
of the kits. Had there zeen indifference between moving either 
xi or Xj to its best level, then ki = kj. After several 
adjustments, this resulted in the order 
To establish the relative scaling factors, the ki8s, we 
needed to look at tradeoffs between two attributes at a time. 
Figure 5. Component utility functions. 
Figure 5. Component utility functions (cont'd.). 
For example, i n  F i g u r e  2, w e  h a t e  two consequences which a r e  
i n d i f f e r e n t  g i v e n  X3, ..., X12 a r e  a t  any l e v e l .  Assume t h a t  t h e y  
a r e  a t  t h e i r  wors t  l e v e l s  s o  ui = 0, i = 3, ..., 12, and e q u a t e  
t h e  u t i l i t i e s  of (xl = 60) and (x 110, x2 = 30) 
u s i n g  t h e  m ~ l t i ~ l i c a t i v : ~ ; t ? ? i ~ y  f u n c t i o n  12;. W e  f l n d  
From u2 i n  F i g u r e  5, we e v a l u a t e  u2(30) = 0.619, s o  t h a t  
which f i x e s  t h e  r e l a t i v e  v a l u e s  of kl and k2. 
Fol lowing  t h i s  same p r ocedu r e  i n  e v a l u a t i n g  t r a d e o f f s ,  
we a s s e s s e d  t h e  i n d i f f e r e n c e  p a i r s  i n  Table  2 from which t h e  
e q u a t i o n s  i n d i c a t e d  w e r e  c a l c u l a t e d  u s i n g  t h e  component u t i l i t y  
f u n c t i o n s  of  F i g u r e  5. By a s s e s s i n g  t r a d e o f f s  between p a i r s  
o f  a t t r i b u t e s  n o t  i nvo lv ing  XI, w e  had checks  of t h e  t r a d e o f f s  
i n  Tab l e  2. A s  a  r e s u l t  of t h i s ,  some ad ju s tmen t s  were made 
t o  a c h i e v e  c o n s i s t e n c y .  Table  2 r e p o r t s  t h e s e  a d j u s t e d  
r e sponse s .  
Tab l e  2. Assessed i n d i f f e r e n c e  p a i r s  and i m p l i c a t i o n s .  
Implied R e l a t i v e  S c a l i n g  
Assessed I n d i f f e r e n c e  P a i r  
C o n s t a n t s  
I 
(x1=80, x2=60) and (xl=llO, x2=30) 
(x1=80, x3=0) and (xl=llO, x3=60) 
(x1=95, x4=O) and (xl=llO, x4=1) 
(x1=85, x =0) and (xl=llO, x5=100) 5 
(x1=80, x6=40) and (xl=llO, x6=250) 
(x1=95, x7=100) and (xl=llO, x7=50) 
(x1=80, x8=O) and (xl=llO, x8=80) 
(x1=85, x =0) and (xl=llO, xg=lOO) 9 
(x1=80r xl0=0) and (xl=l 10, x1 0=60) 
(x1=105, xll=O) and (xl=l 10, x1 1=100) 
(x1=105, x12=0) and (xl=l 10, x12=100) 
The right side of Table 2 has eleven equations with twelve 
unknowns. These establish the relative values of the ki's. 
Finally, we need specific values for these scaling factors. To 
do this, we found (x2 = 0, x6 = 40) was indifferent to a lottery 
yielding either (x2 = 0, x6 = 500) with probability 0.6, or 
(x2 = 60, X6 = 40) with probability 0.4. Equating utilities 
with the other attributes at their worst levels implies 
From (21, if we set all the attributes at their best level, we 
find 
Equations (6) and (7) plus the eleven equations in Table 2 were 
then solved to yield 
and 
(8) 
The component utility functions in Figure 5 plus (8) and (9) 
specify the preliminary utility function represented by the 
multiplicative form (2). 
One should be careful in interpreting the scaling constants 
in (8). For instance, because k2 is larger than kl, one can not 
conclude that water shortage is more important than costs. 
The magnitude of the scaling factors, as indicated in the assess- 
ment process, depends on the ranges of the attributes specified 
in Table 1. Thus the scaling factors indicate the relative 
importance of the ranges of the attribute. 
4. RESULTS 
In this section, the utility function developed in Section 
3 is applied to the five planning alternatives outlined in 
Section 2. The evaluation using the twelve attributes for the 
five systems is presented in Table 3, which is adapted from 
Ddvid and Duckstein [2]. 
Table 3. Attribute levels for alternative systems. 
Table 4 gives the utility value for the five alternative 
systems. Since higher utilities are better, these preliminary 
results imply that alternative system I is somewhat better than 
system 11; which is much better than system IV, which in turn 
is much better than system V; system 111 is the least desirable. 
To help interpret how much better system I is than system 11, 
we increased the cost of system I in Table 3, holding all other 
factors fixed, until the utility equaled the current utility 
0 . 8 2 1  of system 11. This occurred at x l  = 1 0 4 . 2  x 1 0 9  forint 
per year, so system I is essentially better than system I1 by 
4.6 x 1 0 9  forint per year. Similarly, system I1 is better than 
system IV by at least 24.3  x 1 0 9  forint per year because even 
if the cost of system I1 increases to 110 x 1 0 9  forint per year, 
Alternative System 
I 11 I11 I v v 
99.6 85.5 101.1 95 .1  101.8 
4 19  50  50 50  
8 0 60 2 0 8 0 40 
-, . 5  . 0 1  . 1  . 0 1  
8 0 6 0 4 0 2 0 2 0 
1 0 0  2 0 0  67 2 0 0  50  
9 0 8 0 8 0 6 0 7 0 
8 0 8 0 6 0 4 0 4 0 
8 0 60 20 6 0 4 0 
8 0 6 0 4 0 2 0 4 0 
8 0 6 0 4 0 20 4 0 
80 8 0 20 4 0 20 
Objective 
1. Total Cost 
(20ft z 1 US$) 
2. Probability 
Water Shortage 
3. Water Quality 
4. Energy Reuse 
5. Recreation 
6. Flood Protection 
7. Land & Forest Use 
8. Social Impact 
9.  Environment 
10. Int'l Cooperation 
11. Development Poss. 
12. Flexibility 
Measure 
l o 9  ft/yr 
percent 
subjective 
- en. prod. 
a :  
en. used 
subjective 
recurrence 
interval 
1000 ha 
subjective 
subjective 
subjective 
subjective 
subjective 
t h e  u t i l i t y  of system I1 i s  g r e a t e r  t han  t h e  c u r r e n t  u t i l i t y  of 
0.648 of system I V .  Since  systems I11 and V a r e  even worse, it 
appears  t h a t  s u b j e c t  t o  t h e  d a t a  of Table 3 and t h e  u t i l i t y  
f u n c t i o n  being used ,  systems I and I1 a r e  t h e  on ly  r e a l  
con tende r s .  
Table  4 .  T o t a l  u t i l i t y  f o r  a l t e r n a t i v e  systems.  
System U t i l i t y  Value 
By v e r i f y i n g  a t t r i b u t e  l e v e l s  i n  Table 3 a s  done above, 
one can perform a  f i r s t - c u t  e v a l u a t i o n  of t h e  impacts  owing t o  
u n c e r t a i n t i e s  about  t h e  a t t r i b u t e  l e v e l s  f o r  each system. Th i s  
would be e s p e c i a l l y  impor tan t  i n  r e j e c t i n g  proposed systems.  
For example, can  system I V ,  t h e  upper b a s i n  r e s e r v o i r  system, be 
a  contender  i f  o p t i m i s t i c  l e v e l s  f o r  each a t t r i b u t e  were 
a s s igned?  Th i s  would be  an  e a s i e r  a n a l y s i s  t h a n  f u l l y  ana lyz ing  
u n c e r t a i n t i e s ;  and aga in ,  it could  s e r v e  a s  a  f i r s t - c u t  t o  t h e  
problem. 
One can  a l s o  r e a d i l y  do s e n s i t i v i t y  a n a l y s e s  of t h e  ki 
weights  ( i . e .  t h e  t r a d e o f f s )  of t h e  u t i l i t y  f u n c t i o n .  For  
i n s t a n c e ,  i f  k l  i n  ( 8 )  i s  inc reased  from .15 t o  .20 and i f  k2 
i s  dec reased  from -243 t o  -22 ,  wh i l e  a l l  o t h e r  ki f a c t o r s  a r e  
he ld  c o n s t a n t ,  t h e n  t h e  u t i l i t y  of system I1 exceeds t h e  u t i l i t y  
of  system I. Note t h a t  t h i s  i s  t r u e  even though k2 remains 
l a r g e r  t h a n  k l .  One of t h e  impor tan t  f e a t u r e s  of a  u t i l i t y  
a n a l y s i s  is  t o  i d e n t i f y  such c r u c i a l  t r a d e o f f s .  
5. CONCLUSIONS 
Th i s  s tudy  was a  f i r s t - c u t  a t  a  problem of water  r e s o u r c e s  
p lanning  us ing  m u l t i a t t r i b u t e  u t i l i t y  t heo ry .  A planning  
problem i n  t h e  T i sza  River  b a s i n  of  Hungary was used t o  i l l u s -  
t r a t e  t h e  u s e f u l n e s s  of t h e  technique .  A u t i l i t y  f u n c t i o n  over  
twelve  o b j e c t i v e s  was a s s e s s e d  and p re l imina ry  r e s u l t s  i n d i c a t e  
t h a t  b u i l d i n g  i n t e r - b a s i n  water  t r a n s f e r s  from t h e  Danube o r  
from sma l l  r e s e r v o i r s  i n  the nor th -eas t  i s  t o  b e  p r e f e r r e d  t o  
developing  t h r e e  o t h e r  p lanning  a l t e r n a t i v e s .  
This  same problem was analyzed by D6vid and Duckstein [21 ,  
us ing  a  m u l t i c r i t e r i o n  approach c a l l e d  ELECTRE. Thei r  e v a l u a t i o n  
ranked system I1 ahead of  system I wi th  t h e  o t h e r  t h r e e  a l t e r n a -  
t i v e s  f a r  behind. With ELECTRE, it  i s  d i f f i c u l t  t o  do s e n s i t i v -  
i t y  a n a l y s e s  t o  s e e  j u s t  how much b e t t e r  one system i s  t h a n  
another .  Our rough m u l t i a t t r i b u t e  u t i l i t y  a n a l y s i s  i n d i c a t e d  
system I was b e t t e r  t han  system I1 by an amount e  u i v a l e n t  t o  
an  i n c r e a s e  i n  system c o s t s  of  99.6  t o  1 0 4 . 2  x 108 f o r i n t  per  
year .  System I V  would have t o  have ve ry  s i g n i f i c a n t  improvements 
i n  e i t h e r  o r  both f lood  p r o t e c t i o n  and water  supply i n  o rde r  t o  
become a  contender .  Systems I11 and V a r e  c l e a r l y  no t  compet i t ive .  
One purpose o f  t h e  work was t o  a p p r a i s e  t h e  reasonableness  
of t h e  approach.  The a s ses sed  u t i l i t y  f u n c t i o n  should be 
i n t e r p r e t e d  a s  a  pre l iminary  one.  However, it does i n d i c a t e  
t h e  f e a s i b i l i t y  of making such assessments  wi th  water  r e source  
p l anne r s .  The b r i e f  a n a l y s i s  was included t o  f u l f i l l  ou r  o t h e r  
purpose: t o  i l l u s t r a t e  t h e  u s e  of a  m u l t i a t t r i b u t e  u t i l i t y  
e v a l u a t i o n  model. I t  was not  done t o  sugges t  a l t e r n a t i v e s  t h a t  
should be chosen.  For t h e  l a t t e r  purpose,  a  more s o p h i s t i c a t e d ,  
more c a r e f u l  a n a l y s i s  would be needed. I n  such an e f f o r t  it i s  
of primary importance t o  extend t h i s  work i n  t h e  fo l lowing ways: 
1 .  B e t t e r  a r t i c u l a t i o n  o f  t h e  system o b j e c t i v e s  and b e t t e r  
a t t r i b u t e s  f o r  t h e s e  v a r i o u s  o b j e c t i v e s .  The p r e s e n t  
s tudy  u t i l i z e d  a t t r i b u t e s  developed by D6vid and 
Duckstein who eva lua t ed  a t t r i b u t e  l e v e l s  f o r  t h e  
f i v e  systems. It i s  our  f e e l i n g  t h a t  some a t t r i b u t e s  
may n o t  f u l l y  r e f l e c t  t h e  under ly ing  o b j e c t i v e s  and 
f u r t h e r  work should be devoted t o  t h i s  t a s k .  Also,  
s c a l e s  of t h e  s u b j e c t i v e l y  measured a t t r i b u t e s  should 
be  more c a r e f u l l y  de f ined .  
2. Formal i n c l u s i o n  of u n c e r t a i n t y .  The l e v e l  of  t h e  
twelve  a t t r i b u t e s  f o r  t h e  f i v e  systems g iven  i n  Table 
3 a r e  t h e  expected va lues .  Large u n c e r t a i n t i e s  e x i s t  
around t h e s e  l e v e l s  owing t o  n a t u r a l  even t s  ( f o r  example 
f l o o d s ) ,  t o  f o r e c a s t i n g  complexity ( f o r  example techno- 
l o g i c a l  i n n o v a t i o n s ) ,  and t o  t h e  appropr i a t eness  of  t h e  
model i t s e l f .  These u n c e r t a i n t i e s  q n  be  fo rma l ly  inc lud-  
ed  i n  a  r i g o r o u s  manner us ing  u t i l i t y  t heo ry ,  and t h e  
s tudy  should be extended i f  t h e  r e s u l t s  a r e  t o  be app l i ed .  
3 .  A more thorough u t i l i t y  assessment of t h e  u t i l i t y  
f u n c t i o n  over  t h e  r e v i s e d  s e t  of a t t r i b u t e s .  S p e c i a l  
a t t e n t i o n  should be g iven  t o  a s s e s s i n g  u t i l i t y  f u n c t i o n s  
over  t h e  s u b j e c t i v e l y  s c a l e d  a t t r i b u t e s .  These 
assessments  should be conducted wi th  s e v e r a l  people  
concerned wi th  development of  t h e  T i sza .  It may be 
a p p r o p r i a t e  t o  a t tempt  t o  de termine  a  concensus 
p re fe rence  s t r u c t u r e .  I f  t h i s  i s  n o t  p o s s i b l e ,  an 
a n a l y s i s  of t h e  d i f f e r e n c e s  may h e l p  r e s o l v e  t h e  i s s u e s .  
4 .  Expansion i n t o  a dynamic d e c i s i o n  problem. The water  
r e s o u r c e  development desc r ibed  i n  t h i s  paper  has  a 
t ime span of 55 y e a r s .  During t h e s e  55 y e a r s ,  many 
i s s u e s  t h a t  a r e  now u n c e r t a i n  w i l l  unfold--for  example, 
f u t u r e  water  demands, developments i n  ne ighbor ing  
c o u n t r i e s ,  f u t u r e  u se s  of  t h e  T i sza  River  f o r  nav iga t ion .  
Furthermore,  d e c i s i o n s  a r e  made today  t h a t  a r e  updated 
and supplemented i n  t e n  o r  f i f t e e n  y e a r s .  T h i s  whole 
p roces s  of s e q u e n t i a l  d e c i s i o n s  and r e s o l u t i o n  o f  
p r e s e n t  u n c e r t a i n t i e s  should be inc luded  i n  t h e  a n a l y s i s  
because c e r t a i n  a l t e r n a t i v e  systems a r e  f l e x i b l e  t o  
p lanning  changes,  whi le  o t h e r  systems a r e  i n f l e x i b l e  
and r e q u i r e  l a r g e  a d d i t i o n a l  c o s t s  t o  i n c o r p o r a t e  
changes. 
APPENDIX 
Let us denote the objectives by 01,02, ..., 0, and suppose 
that Xi,i = I,...,n, is an attribute (i-e. measure of 
effectiveness) to indicate the degree to which Oi is achieved. 
A specific level of attribute Xi will be designated by xi. 
With this notation, the consequence of any alternative is 
5 = - ( X ~ ~ X ~ , . . . ~ X ~ ) .  If the uncertainties of the problem are 
quantified, the possible consequences of alternative A are 
specified by a probability distribution of p, (I) over donsequences. 
The problem is to quantify the preferences of the decision 
maker for the possible consequences 5 in order to help him 
select the best alternative. Specifically, we want to assess 
a multiattribute utility function ~ ( 5 ) .  This multiattribute 
utility function is nothing more than an objective function 
(to be maximized) with one special property: it is scaled in a 
manner such that when uncertainty is involved, the expected 
utility of an alternative is an appropriate measure of the 
desirability of that alternative. If one accepts a set of 
reasonable axioms postulated by von Neumann and Morgenstern [17], 
the decision maker should select the alternative leading to the 
highest expected utility. 
A discussion of the reasonableness of utility theory in 
aiding prescriptive decision making is found in Raiffa [13]. 
Concerning multiattribute utility theory, the main results 
[4, 6, 7, 10, 12, 141 are representation theorems stating 
conditions under which a utility function can be expressed in 
a simple functional form. Given such a form, the next task is 
to assess the parameters necessary to choose a particular utility 
function of that form by asking the decision maker a series of 
questions. Details on these assessment procedures are found 
in several sources. See, for example, Fishburn [S], Raiffa [I41 
and Keeney and Raiffa [9]. Section 3 briefly describes a 
preliminary assessment for the Tisza problem. 
The two basic notions used in deriving the representation 
theorem used in this paper are the concepts of preferential 
independence and utility independence. These concepts are 
defined as follows. 
Preferential Independence. The pair of attributes (x1,X2} 
is preferentially independent of the other attributes (x~,...,X~}, 
if preferences among (X1,X2} pairs, given that X3, ... ,Xn are 
held fixed, do not depend on the level where these attributes 
are fixed. Preferential independence implies that the tradeoffs 
between attributes X1 and X2 do not depend on X3, ..., Xn. 
Utility Independence. The attribute X1 is utility 
independent of the other attributes (x~,...,X~} if preferences 
among lotteries* over XI (i.e. lotteries with uncertainty about 
*A lottery is defined by specifying possible consequences which 
may result and the associated probabilities of their occurrence. 
th e  l e v e l  o f  Xi o n l y ) ,  g i v e n  t h a t  X 2 , . . . , X n  are  he ld  f i x e d ,  do 
not  depend on the  l e v e l  where t h e s e  a t t r i b u t e s  a r e  f i x e d .  In 
S ec t i on  3 ,  p r e f e r e n t i a l  and u t i l i t y  independence cond i t i ons  are  
used t o  imply t h e  appropriateness  o f  e i t h e r  an a d d i t i v e  or  a 
m u l t i p l i c a t i v e  u t i l i t y  func t ion .  
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